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Objective: Neuropathic pain (NP) mechanisms contribute to the pain experience in osteoarthritis (OA).
We aimed to characterise the factors that contribute to NP-like symptoms in knee OA patients.
Patients and methods: A total of 139 patients with knee OA were recruited from secondary care, and
completed a nurse- administered PainDetect questionnaire (PD-Q ), a visual analogue scale (VAS) for pain
intensity, and the Western Ontario MacMaster questionnaire (WOMAC). Cases with any previous history
of total joint replacement were excluded.
Results: Almost 75% of patients had non-zero PD-Q scores, and 34% had PD-Q scores corresponding to
possible NP. No association was seen between PD-Q scores and duration of symptoms, gender, and
radiographic severity. Possible NP was strongly associated (p o 1  103) with worse quality of life
scores, worse sleep scores, higher pain intensity, worse WOMAC pain, stiffness and function scores.
A history of previous knee surgery (arthroscopy, ligament repair or meniscectomy) was strongly
associated with possible NP (odds ratio [OR] ¼ 6.86; 95% CI ¼ 1.78–26.43; p o 0.005). This association
remained statistically signiﬁcant after adjustment for pain intensity (OR ¼ 6.37; 95% CI ¼ 1.55–26.11;
p o 0.010) whereas an association between history of knee surgery and the other measures of pain was
found to be mediated by PD-Q scores.
Conclusions: NP-like symptoms are highly prevalent in patients with clinically severe painful OA and are
a signiﬁcant contributor to decreased quality of life and higher pain intensity. The cross-sectional
association with previous history of knee surgery suggests that some of the NP-like symptoms may result
from nerve damage.
& 2014 The Authors. Published by Elsevier HS Journals, Inc.Open access under CC BY-NC-ND license. Introduction
Osteoarthritis (OA) is the most common form of arthritis, with
pain being a primary clinical symptom. Relief from severe chronic
OA pain remains an unmet medical need and a major reason for
seeking surgical intervention for OA. Several studies have reported
a discordance between the presence and severity of symptoms and
the degree of radiographic structural OA [1–6]. Understanding ther HS Journals, Inc.
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. Valdes).
Open access under Cfactors that contribute to the apparent discordance between
structural disease and pain is important for advancing the clinical
management of OA.
Despite its clinical importance, the mechanisms involved in
OA-related pain are poorly understood. OA pain has long been
considered as nociceptive pain caused by physiological activation
of peripheral nerve terminals by tissue damage or inﬂammation [7].
Continuous and intense input from the OA-damaged knee joint may
result in central augmentation of nociceptive processing, which is
associated with central and peripheral sensitization of the nervous
system, hyperalgesia at the site and beyond the OA joint, and
sustained pain potentiation [7,8]. Central augmentation is also
associated with psychosocial aspects of pain perception and symp-
toms such as fatigue, insomnia and mood disturbances [9]. Central
pain augmentation in knee OA is especially apparent among patients
who report high levels of pain in the absence of moderate-to-severe
radiographic evidence of pathologic changes of knee OA [10].C BY-NC-ND license. 
3397 patients registered in 
an orthopaedic clinic were 
contacted by mail
1009 OA patients 
underwent a nurse 
administered clinical visit 
including completion of a 
standardized questionnaire
471 not OA  
1698 responded to mailing 
agreeing to participate
1227 contacted by phone
218 failed 
recruitment criteria 
or changed their 
mind
1699 declined to 
participate or did not 
respond to mailing
379 hip OA or post -
THR
A.M. Valdes et al. / Seminars in Arthritis and Rheumatism 43 (2014) 588–592 589In addition, OA conditions are increasingly associated with
neuropathic mechanisms and words such as “burning” and
“numbness” to describe the pain associated with OA [7]. Neuro-
pathic pain is deﬁned as “pain arising as a direct consequence of a
lesion or disease affecting the somatosensory system” [11] and it
may, similar to nociceptive pain, involve both peripheral and
central sensitization mechanisms. The mechanisms underlying
neuropathic pain-like symptoms in OA are poorly understood,
but it is possible that the local damage to innervate and other joint
structures may cause damage to peripheral nerves [7].
A further hypothesis is that damage to peripheral nerves result-
ing in neuropathic pain-like symptoms may be caused by local nerve
damage during knee surgery. The infra-patellar branch of the
saphenous nerve (IPS) crosses the inferior knee from medial to
lateral innervating both the skin below the patella and the anterior
inferior knee capsule [12]. It may be injured during total knee
replacement (TKR), patellar and hamstring tendon harvest, open and
arthroscopic repairs, and tibial nailing, as well as by anterior knee
trauma [13]. An important question therefore, is whether some of
the neuropathic pain-like symptoms in OA patients may be caused
by peripheral nerve damage and not wholly reﬂect adaptation of
central pain mechanisms in response to chronic peripheral sensory
input from knee OA. In this study we have tested the hypothesis of
whether previous history of knee surgery (arthroscopy, ligament
repair or meniscectomy) or of knee injury results in higher neuro-
pathic pain scores in patients with clinically severe knee OA pain.630 Knee OA patients
139 radiographic knee OA 
patients.   Index joint X-
rays graded by a single 
observer
491 post-TKR 
Fig. 1. Diagram of study recruitment. All study participants were recruited from
secondary care in the Nottinghamshire area between January 2010 and
October 2012.Subjects and methods
Study participants
People with knee OA aged 40 years or older were recruited
from hospital orthopaedic clinic lists in the Nottingham area.
Approval for the study was obtained from the research ethics
committees of Nottingham City Hospital and North Nottingham-
shire. The recruitment strategy and how the ﬁnal sample size was
reached are presented in Fig. 1.
Radiographic assessment
Antero-posterior and sky-line or lateral knee radiographs of
study subjects were examined to conﬁrm the diagnosis and to grade
for changes of OA. Radiographs were scored for individual radio-
graphic features of OA by a single experienced observer
(S.A.D.). The intra-observer reproducibility for the grading of the
tibio-femoral compartment (repeat readings of 30 randomly
selected ﬁlms 2 weeks apart, blinded to identity and previous
scores) was κ ¼ 0.89 and for the patello-femoral compartment
κ ¼ 0.79. Knee OA was assessed using the scores for the narrowing
and osteophytes derived from the Nottingham “ knee osteoarthritis
line drawing atlas” [14] and then given a grade according to the
descriptors of grades 1–4 [15]. An individual was considered to have
knee OA if he or she presented as K/L Z 2 at the tibio-femoral (TF)
or the patello-femoral (PF) compartment in either knee based on the
above deﬁnition. Individuals were included only if they had not
undergone a TKR or a THR at the time of assessment. X-rays were
not performed at joints other than knees. The other OA phenotype
available for these patients (interphalangeal node status which did
not require X-rays) was not deemed relevant for the current analysis.
History of surgery and knee trauma
During the nurse visit all patients were asked to provide
information on any previous knee surgery they had undergone
for both knees, including details on the type of surgery, the year ofthe surgery, and the knee on which it was performed. Four options
were provided “arthroscopy”, “ligament repair”, “surgery to the
meniscus”, and “other”. Because both ligament repair and surgery
to the meniscus can be performed arthroscopically, all types of
knee surgery other than TKR (a criterion for exclusion) were
pooled together as “history of knee surgery.” In addition, patients
were asked whether they had suffered any signiﬁcant injury to
their knees, and whether that injury had resulted in the need to
seek medical attention or hospitalisation. Information only on the
index joint has been included in the current analysis.
Pain assessment
All patients completed the Visual Analogue Scale (VAS) for pain
intensity, the Western Ontario and McMaster Universities Osteo-
arthritis Index (WOMAC) and the painDETECT questionnaire for
each knee. Various screening tools have been developed to identify
NP. The PainDETECT questionnaire (PD-Q) is one of the ﬁve
screening tools for neuropathic pain validated since 2001 [16].
The questionnaire was originally developed to discriminate
between the nociceptive and neuropathic components of back pain
and when used in a site-speciﬁc way, it has been shown to have a
speciﬁcity of 80% and a sensitivity of 85% AUC ¼ 0.91 for neuro-
pathic pain assessed by a clinician [17]. It is useful for identifying
different sensory proﬁles of neuropathic pain when a neuropathic
pain condition has already been diagnosed, measuring both central
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showed differential pattern of brain activation in patients with OA,
but whose pain had neuropathic characteristics as identiﬁed by the
PD-Q [18]. More recently in a community based study, Quantitative
sensory testing (QST) measures and the PD-Q have been shown to
identify features of NP with signiﬁcant overlap between the
ﬁndings of the two techniques [19].
The PD-Q consists of seven weighted sensory descriptor items
and two items relating to the spatial (radiating) and temporal
characteristics of the patient's pain pattern. We have used the
same cut-offs previously published [17], i.e. scores under 12
correspond to a neuropathic pain component being unlikely and
scores of 19 or higher mean that a neuropathic component is
likely. In the present study we rescaled the PD-Q scores which can
take values from 0 to 35 to take values from 0 to 10 as does the
VAS. We classiﬁed individuals as having possible NP (rescaled PD-
Q Z 3.4) or unlikely NP (rescaled PD-Q o 3.4). When completing
the questionnaire, participants were asked to consider just their
knee pain, not pain at another region or body pain in general.
As part of the standardized questionnaire all patients were also
asked about sleep and quality of life in a short format that is being
used for a follow-up postal questionnaire:
Sleep assessment
Four questions drawn from the Medical Outcomes Study (MOS)
sleep survey [20] were used to assess quality of sleep. Namely,
“How often during the past 4 weeks did you (a) Get enough sleep
to feel rested in the morning? (b) Awaken short of breath or with a
headache? (c) Have trouble falling asleep? (d) Have trouble staying
awake during the day”. Each question could have answers ranging
from “all the time” to “never”. The sum of responses was scored
from 0 (optimal sleep) to 10 (most disturbed sleep). In addition
individuals were asked if they often felt tired (yes or no).
Quality of life
Four items from the WHOQOL assessment were assessed,
namely “During the past 4 weeks how much of the time haveTable 1
Descriptive characteristics of study subjects. The mean and standard deviation fo
Characteristic F
n 8
BMI (kg/m2) 2
Age (years) 6
Pain detect questionnaire (PD-Q) score (0–10) 2
Quality of life (QoL) score (0–10) 4
Sleep score 0–10 3
K/L grade (0–4)a 2
Tibio-femoral 0/1/2/3/4 (n) 2
Patello-femoral 0/1/2/3/4 (n) 2
Visual analogue scale (VAS) for pain intensity (0–10) 6
WOMAC pain score (0–10) 3
WOMAC stiffness score (0–10) 4
WOMAC function score (0–10) 4
Duration of symptoms (y) 10
Possible neuropathic pain (PD-Q Z 3.4) 3
Tiredness % (n) 6
History of:
Knee surgery (arthroscopy, ligament repair or meniscectomy) 71
Knee trauma % (n) 2
WOMAC scores, QoL scores, PD-Q scores, VAS and sleep scores are all on a scale f
the worst possible value.
a Highest K/L grade for the TF or PF compartment.you had any of the following problems with your work or other
regular daily activities as a result of your physical health or due to
feeling anxious or depressed? (a) Cut down on the amount of time
you spent on work or other activities. (b) Accomplished less than
you would have liked. (c) Were limited in the kind of work or other
activities. (d) Had difﬁculty performing the work or other activities
(for example, it took extra effort)”. Each question could have
answers ranging from “all of the time” to “never”. The sum of
responses was scored from 0 (best QoL) to 10 (worst QoL).
Statistical analysis
Associations between PD-Q scores and risk factors were carried
out using multivariate linear regression methods adjusting for age,
gender and body mass index (BMI) as covariates. Associations
between possible NP and risk factors were carried out using
multivariate logistic regression adjusting for the same covariates.Results
The descriptive characteristics of the study subjects are shown
in Table 1. Among the 139 patients, 75.5% had non-zero PD-Q
scores, 33.8% had PD-Q scores that correspond to “possible neuro-
pathic pain” and 14.8% had scores that correspond to “likely
neuropathic pain” as deﬁned in previous studies [17]. Most
patients (91.4%, n ¼ 127) had TF OA, 31% had both TF and PF OA,
and only 6% (n ¼ 7) had only PF OA. We tested whether there were
any differences between individuals with OA at both compart-
ments and individuals with OA at only one and found no differ-
ences in any of the traits studied except for age (65.2 7 0.88 years
vs. 61.1 71.16 years; p o 0.047) and there was no difference in the
prevalence of possible NP (45.7% vs. 44.6%; p o 0.709).
We then explored the associations between the prevalence of
“possible NP” and the various factors measured in this group of
patients.
The prevalence of possible NP is associated with younger age
and higher BMI. It correlates signiﬁcantly with worse sleep, QoL,
VAS and WOMAC pain, stiffness, and function scores. It is also
strongly associated with a higher prevalence of tiredness (Table 2).r continuous variables and the prevalence of binary traits are shown
M
4 55
9.90 (5.53) 28.66 (5.29)
4.76 (9.68) 62.63 (8.51)
.62 (2.48) 2.06 (1.92)
.30 (2.76) 3.91 (3.09)
.52 (1.76) 2.85 (2.01)
.87 (0.67) 2.60 (0.55)
.4%/10.7%/38.1%/45.2%/3.6%
(2/9/32/38/3)
1.8%/0%/45.5%/47.2%/5.5.%
(1/0/25/26/3)
9.7%/23.8%/22.6%/15.4%/8.3%
(25/20/19/13/7)
20%/41.8%/29.1%/3.6%/5.4%
(11/23/16/2/3)
.71 (3.04) 5.92 (3.35)
.95 (2.22) 3.70 (2.39)
.94 (2.30) 4.18 (2.53)
.06 (2.23) 3.60 (2.59)
.99 (11.83) 10.34 (8.43)
8.1% (32) 27.2% (15)
5.5% (55) 50.9% (28)
.4% (60) 81.2% (45)
8.6% (24) 38.2% (21)
rom 0 to 10 with 0 corresponding to the best possible score and 10 to
Table 2
Association of potential risk factors with prevalence of possible neuropathic pain (NP). NP is deﬁned as PD-Q score Z 3.4 in a scale of 0 (no
NP-like symptoms) to 10 (worst NP-like symptoms)
No NP (n ¼ 92) Possible NP (n ¼ 47) p-Value
Gender, F, % (n) 56.5% (52) 68.1% (32) 0.171
Age, years, mean (SD) 65.22 (8.81) 61.37 (9.69) 0.015
BMI, kg/m2, mean (SD) 28.62 (4.95) 30.96 (6.10) 0.028
K/L scoreb, mean (SD) 2.67 (0.68) 2.62 (0.70) 0.692a
Duration of symptoms in years, mean (SD) 11.75 (12.09) 8.74 (6.41) 0.268a
QoL score (0–10), mean (SD) 3.36 (2.65) 5.68 (2.74) 7.6  105a
Sleep score (0–10), mean (SD) 2.80 (1.74) 4.15 (1.85) 8.1  104a
VAS pain intensity score (0–10), mean (SD) 5.64 (3.39) 7.89 (2.06) 0.001a
WOMAC pain score (0–10), mean (SD) 3.10 (2.14) 5.31 (1.82) 7.4  106a
WOMAC function score (0–10), mean (SD) 2.94 (2.05) 5.72 (1.85) 1.1  107a
WOMAC stiffness score (0–10), mean (SD) 3.82 (2.30) 6.25 (1.73) 4.2  106a
History of knee trauma, %c 28.3% (26) 40.4% (19) 0.33a
History of knee surgery (arthroscopy, ligament
repair or meniscectomy), % (n)c
66.3% (61) 93.6% (44) 0.005a
Tiredness, % (n) 43.3% (40) 91.5% (43) 1.2  105a
a Adjusted for age, sex and BMI.
b Highest score for the PF or TF compartment.
c The odds ratio for history of knee trauma with knee surgery as the outcome is OR ¼ 3.57 (95% CI ¼ 1.28, 9.97). However, there was no
evidence for collinearity between history of knee trauma and history of knee surgery using PD-Q as the outcome including age, gender and
BMI in a model. The variance inﬂation factor observed was of 1.095 for history of knee trauma and 1.37 for history of knee surgery. Therefore
these two variables have been treated as independent risk factors.
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patients with NP-like symptoms but the association did not reach
statistical signiﬁcance (Table 2). A previous history of knee surgery
at the index knee was signiﬁcantly associated with the prevalence
of NP-like symptoms after adjusting for age, gender, and BMI with
an adjusted odds ratio (OR) of 6.86 (95% CI 1.78–26.43; p o 0.005).
The association between a previous history of knee surgery and
NP-like symptoms remained statistically signiﬁcant after adjusting
also for pain intensity using the VAS score and X-ray scores for
both compartments, with an OR of 6.64 (95% CI 1.31–24.24;
p o 0.019). A stepwise logistic regression that included all items
Table 2 was also performed and the resulting model retained
history of knee surgery (OR ¼ 5.29; 95% CI 1.24–22.57; p o 0.024)
and all three domains from the WOMAC score.
Study participants with no previous history of knee surgery have
signiﬁcantly lower PD-Q scores than those who had a previous
history of knee surgery (arthroscopy, meniscectomy or ligament
repair) (Table 3). Given the strong associations between NP-like
symptoms and pain, quality of life, and sleep related scores, we
assessed whether there was also an association between such
scores and a previous history of knee surgery. We found that history
of knee surgery was signiﬁcantly associated with worse (i.e., higher)Table 3
Association between history of knee surgery (arthroscopy, meniscectomy or ligament rep
QoL, sleep, pain, function and stiffness
No previous history of knee
surgery (n ¼ 34)
History of knee
surgery (n ¼ 105
PD-Q, mean (SD) 0.55 (1.09) 2.99 (0.68)
QoL, mean (SD) 2.65 (2.78) 4.62 (2.76)
Sleep score, mean (SD) 2.20 (1.58) 3.59 (1.85)
VAS, mean (SD) 5.09 (3.70) 6.82 (2.88)
WOMAC pain, mean (SD) 2.22 (1.80) 4.37 (2.18)
WOMAC function, mean (SD) 3.53 (2.19) 5.00 (2.38)
WOMAC stiffness, mean (SD) 2.49 (1.99) 4.32 (2.32)
Tiredness, % 32.30 68.60
a Including age, sex, and BMI as covariates in a linear regression (for PD-Q, QoL, Sle
b The regression coefﬁcient and the corresponding 95% conﬁdence intervals perform
c The odds ratio and the corresponding 95% conﬁdence intervals performed separat
d p o 0.05.scores for QoL, sleep, WOMAC pain, stiffness, and function. Patients
with a history of knee surgery were also more likely to report
tiredness (Table 3). However, when PD-Q scores were included as a
covariate in the logistic regression that had history of surgery as the
outcome, none of these associations remained statistically signiﬁ-
cant (not shown). Stratifying patients between those with possible
NP and those with no NP found that history of knee surgery is not
associated with any of the other pain related traits except the
WOMAC pain score among cases with no NP (Table 3).Discussion
In this study we have assessed the prevalence of NP-like
symptoms in clinically severe knee OA cases recruited from
secondary care. We conﬁrm the ﬁndings from studies in the
community which reported a high prevalence of NP-like symp-
toms among OA patients.
The prevalence of NP-like symptoms is strongly correlated with
worse quality of life and pain intensity. Therefore recognising and
addressing this type of pain is one of the clinical needs of people
who have severe symptomatic knee OA.air) and risk factors associated with NP-like symptoms. Higher scores indicate worse
)
p-Valuea Association in patients
with no NP (n ¼ 92)b
Association in patients with
possible NP (n ¼ 47)b
2.1  105 N/A N/A
8.2  104 0.80 (0.33, 1.13)b 1.67 (5.15, 1.79)b
2.9  104 0.92 (0.06, 0.99)b 0.92 (1.24, 3.09)b
0.081 0.71 (1.99, 1.27)b 1.30 (4.06, 1.32)b
8.5  105 2.11 (0.01, 2.11)b,d 1.07 (3.79, 5.94)b
3.1  104 0.07 (0.62, 0.54)b 0.60 (0.90, 2.12)b
0.018 0.21 (1.05, 0.83)b 0.00 (1.53, 1.54)b
8.0  104 2.50 (0.68, 3.66)c 0.51 (0.00, 470.05)c
ep, VAS, WOMAC) and in a logistic regressin for tiredness.
ed separately in individuals with no NP or with possible NP.
ely in individuals with no NP or with possible NP.
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surgery (essentially arthroscopic surgery) is strongly associated
with a higher prevalence of NP-like symptoms. This is consistent
with reports that damage to the infra-patellar saphenous nerve
can result in neuralgia in the anterior knee [13]. Although we did
not ﬁnd a similar association with a history of knee injury, a trend
for a higher prevalence of NP-like symptoms in post-traumatic OA
cases was seen in our data. However, it may be that direct surgical
penetration rather than non-penetrating blunt trauma is the main
factor that results in NP-like symptoms.
Interestingly, the association between knee surgery and NP-like
symptoms remains signiﬁcant after adjustment for pain intensity,
suggesting that the correlation between NP-like symptoms and
knee surgery is not mediated by higher pain intensity among
patients who have undergone a previous procedure.
Pain is a subjective experience, unique to each individual. As
such, a number of factors can contribute to the pain experience that
may otherwise confound the true strong relationship between
structural severity of disease and pain presence and severity [21].
There has been growing interest in recent years in deﬁning the
central nervous system contribution to OA pain as one of the
possible explanations for the discordance between radiographic
severity and pain severity in OA patients [10]. Whereas this appears
indeed to be the case, an important factor that has not been taken
into consideration previously is the potential nerve damage,
particular to the infra-patellar saphenous nerve that knee OA
patients may sustain from surgical instrumentation which may
subsequently result in true neuropathic pain in some of these cases.
One possible explanation for the observed results could be that
nerve injury takes place after prolonged tourniquet inﬂation
during arthroscopic surgery resulting from the combined effects
of ischaemia and mechanical trauma [22]. Arthroscopic surgery is
increasingly being used, especially for younger patients with early
knee OA when more conservative measures are insufﬁcient for
symptom relief. Although not indicated as best practice [23],
arthroscopic washout and debridement is widely undertaken due
to its potential to provide pain relief with the hope of delaying or
even obviating the need for joint replacement [24]. Apart from the
absence of research evidence to show beneﬁt of arthroscopic
surgery from sham procedure in knee OA [25], if conﬁrmed in
independent studies, our data suggest that this procedure may
potentially cause harm in terms of producing neuropathic pain in a
proportion of patients with knee OA.
Some caution is needed in interpreting the results of our study.
Although these data suggest that an arthroscopic procedure may
result in a higher prevalence of NP-like symptoms, it is also possible
that individuals who choose to undergo an arthroscopic procedure
are more likely to experience NP-like symptoms due to factors
unrelated to OA (e.g., psychological, genetic, and social). There are
also other limitations to the current study. The history of knee
surgery is self-reported and it is not possible to have accurate details
regarding the ﬁndings at arthroscopy or the speciﬁc types of surgery
undertaken (e.g., arthroscopic debridement, ligament repair, menis-
cal trimming or removal). The prevalence of a history of surgery is
very high in this secondary care patient population who were on the
waiting list for total joint replacement and this may not be repre-
sentative of the prevalence of this factor in other clinical settings.
Another limitation is the potential lack of external validity (i.e.
generalisability) of the results given that there was only a 50%
response rate to the initial questionnaire sent out (Fig. 1) and
therefore there may be a bias related to the subjects who were
included in the study. However, taken together these data suggestthat a history of previous arthroscopic knee surgery should be taken
into consideration in the clinical management of knee OA pain.
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